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(54) IRON-BASE ALLOY FOILS FOR UQUID-PHASE DIFFUSION BONDING OF IRON-BASE 
MATERIAL BONDABLE IN OXIDIZING ATMOSPHERE 



(57) The present invention provides an Fe-based 
alloy foil for liquid phase diffusion bonding of Fe-t}ased 
material by enabling bonding in oxidizing atmospheres 
at relatively high bonding temperatures to minimize 
thermal influence on the base material (the material to 
be bonded) arxj. thereby, ensures production of a 
kXHKled joint having a uniform mtcrostructure and a 
good borxled joint strength and enables reduction in the 
borxfing time. 

The Fe-based alloy foil contains, as essential ele- 
ments, one of 1 .0 to 20.0% P and 1 .0 to 20.0% B, 1 .0 to 
20.0% Si, and 0.1 to 20.0% V. in terms of atomic per- 
centage, the balance substantially of Fe and unavc^- 
ble impurities, and has a thickness of 3.0 to 100 ^m. 

Alternatively, the Fe-based alloy foil contains, as 
essential elements, 1 .0 to 20.0% P. 1 .0 to 1 0.0% SI. and 
0.1 to 20.0% V, and 1.0 to 20.0% B. in terms of atomic 
percentage, the balcince sut)stantially of Fe and una- 
voidable impurities, and has a thickness of 3.0 to 200 

In accordance with need, one or more of Or. Ni and 
Co and/or one or more of W, Mb and Ti are also con- 
tained in suitable amounts. The foil advantageously has 
a substantially amorphous crystalfographic structure. 



20rTm*» 




Fig.l 
h ^ 




Q. 
LU 



Primed by Xenn (UK) Business ^ervioos 
2.16.3/3.4 



EPO 864 002 A1 



Description 

TECHNICAL FIELD 

The present invention relates to an Fe-based alloy foil for liquid phase diffusion bonding, of Fe-based materials 
including various grades of steel products such as steel plates, steel pipes, steel bars (including steel wires and steel 
reinforcements), in which the bonding can be performed in oxidizing atmospheres at tow temperatures In a short time 
with no heat effect on the materials to be bonded (base materials). 

The present invention also relates to an Fe-based alloy foil for liquid phase diffusion bonding of Fe-based materials. 
Including various grades of steel products such as steel plates, steel pipes, steel bars (including steel wires and steel 
reinforcements), in which the tx)nding can be performed in oxidizing atmosphere in a short time to provide a bonded 
joint having good strength. 

The present invention relates to an Fe-based alloy foil for liquid phase diffusion bonding of Fe-based materials, 
including various grades of steel products such as steel plates, steel pipes, steel bars (including steel wires and steel 
reinforcements), in which the borxJing can be performed in oxidizing atmospheres at low temperatures in a short time 
with no heat effect to the materials to be bonded (base materials). 

BACKGROUND ART 

The liquid phase diffusion borvllng process bonds base materials by inserting therebetween an alloy in the form of 
a foil, a powder, a plated layer, etc. of a eutectic composition having a melting point lower than that of the base materi- 
als, pressing the base materials together, and heating the bonding portion to a temperature immediately above the 
solidus line of the inserted alloy (hereinafter referred to as an "insert metal") to cause melting and isothermal solidifica- 
tion; the process is considered as one type of solid phase tx)nding process. The isothermal solidification occurs 
because a specific element diffuses from a liquid phase to a material to be bonded (a base material), and thereby, the 
chemical composition of the liquid phase is shifted so that the solidus line of the shifted composition reaches the heat- 
ing temperature. 

The liquid phase diffusion bonding can be effected at relatively lew pressing forces and is therefore not only used 
to avoid occurrence of a residual stress arxj a deformation due to bonding but is also applied to the bonding of high alloy 
steels and heat resistant steels which are difficult to bond and to the bonding of these steels with cartx>n steels. 

On the other hand, cartx)n steels or steels for general use are conventionally tx>nded by other various bonding 
methods and the liquid phase diffusion bonding is rarely used. 

The liquid phase diffusion bonding is frequently used to bond materials containing 0.50% in atomic percentage of 
Cr as an alloying element 

The Cr-containing material is characterized by having a dense coating film of a Cr oxide (mostly Cr203) to provide 
high resistance to oxidation and corrosion. 

Thus, it is naturally recognized that heating upon bonding also causes an oxide film to form on the bonding surfaces 
to impede leakage of a molten insert metal therethrough, and thereby, diffusion of atoms necessary for the bonding is 
signif icantiy hampered to render it difficult to provide good bonded joints. 

Thus, the conventional art such as Japanese Unexamined Patent Publications (Kbkai) No. 53-81458. Na 62- 
34685, and No. 62-227595 necessarily use a vacuum or inert or reducing atmosphere during liquid phase diffusion 
bonding, which caused a significant increase in the borxling cost. 

The present applicant has conducted various studies to achieve liquid phase diffusion bonding of stainless steels, 
high nickel-t)ased alloys, and heat-resisting alloy steels and bonding between any of these materials and cartx^n steels 
in such a manner that the liquid phase diffusion bonding can be effected even in air. in which an oxide coating film is 
formed on the base material, to provide good bond joint quickly with a reduced cost and fburxi that the use of an insert 
metal containing 0.1 to 20.0 at% V arxi an increased amount of Si enables liquid phase diffusion bonding in oxidizing 
atmospheres such as air. 

Namely, the applicant found that, although V increases tiie melting point of the insert metal, an insert metal having 
good bofxiabllfty can be obtained by adjusting the contents of otiier elements (Si alone in tiie present inverrtion) and 
previously proposed a Ni-based, V-arxf Si-containing alloy foil for liquid phase diffusion bonding by enabling borxiing in 
oxidizing atmospheres, mainly used for liquid phase diffusion bonding of stainless steels, high nk^kel-based altoys, and 
heat resistant altoy steels and borxling between any of these materials and cattx)n steels. 

However, the above-proposed Ni-k)ased alloy foil for liquid phase diffusion bonding is mainly used for bonding of 
stainless steels, high Ni-based alfoys and heat resistant alloy steels and contains Ni as a main component. 

Recently, there is increasing need to bond Fe-based materials represented by steel products such as steel pipes, 
steel reinforcements, steel plates or the like made of cartx)n steel in a nan-ow space in a reduced time to provide good 
joint strength with a low cost. The present inventors recognized that none of the conventfonal bonding methods can sat- 
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isfy this need and studies feasibility of liquid phase diffusion bonding of Fe-base materials in air. 

The inventors finally concluded that liquid phase diffusion bonding of Fe-based materials cannot be satisfactorily 
carried out with the use of the aboveidroposed Ni-based alloy foil for liquid phase diffusion bonding as an Insert metal 
because the inclusion of a Ni-phase between base materials causes an inhomogeneous bond joint microstructure, 
5 requiring an elongated bonding time which affects the joint strength and toughness. 

DISCLOSURE OF THE INVENTION 

The first object of the present invention Is to provide an Fe-based alloy foil for liquid phase diffusion bonding of Fe- 
10 based materials (or various grades of steel products containing 50% or more Fe) represented by steel products such 
as steel pipes, steel reinforcements, steel plates or the like made of cartx>n steels, in which the bonding can be satis- 
factorily performed in oxidizing atmospheres, at low temperatures. In a short time without significant thermal Inf luertce 
on the materials to be borxjed (base materials). 

The second object of the present invention is to provide an Fe-based alloy foil for liquid phase diffusion bonding of 
IS steel plates, steel pipes, steel bars (Including steel wires and steel reinforcements) or the like made of cartx}n steels, in 
which the bonding can be satisfactorily performed in oxidizing atmospheres. In a short time, ensuring a bond joint hav- 
ing a homogenous microstructure and good joint strength. 

The third object of the preserrt invention is to pro>«de^gn£B::tosed alloy foil for liquid phase diffusion bonding of Fe- 
/r* based materials represented k>y steel products such 4s steel pipe^, steel reinforcements, steel plates and the like made 

20 of cartx)n steels. In which the bonding can be performed jn ojod izing atmospheres, at low temperatures, in a short time 
without significant thermal Inf lueru^e on the materials to be bonded (base materials). 
44> To achieve the first object according to the first aspect of the first invention, there is provided an Fe-based alloy foil 

for liquid phase diffusk)n bonding of Fe-based materials, and for enabling bonding in oxkllzing atmospheres, character- 
ized by having: 

25 

a chemical composition including, in atomic percentage. 1 .0 to 20.0% P. 1 .0 to 20.0% SI and 0.1 to 20.0% V and 
^ the balance composed of substantially Fe and unavoidable impurities; and 

a foil thickness of 3.0 to 100 ^m. 

30 According to the second aspect of the first invention, there is provided an Fe-based alloy foil for liquid phase diffu- 
sion bonding of Fe-based materials, and for enat}ling bonding In oxidizing atmospheres, characterized by having: 

a chemk^l oomposKion including, in atomic percentage. 1 .0 to 20.0% P. 1.0 to 20.0% SI and 0.1 to 20.0% V, and 
also, one or more of 0.1 to 20.0% Cr, 0.1 to 15.0% Ni and 0.1 to 15.0% Co. the balance composed of Fe and una- 
35 voidable impurities: and 

a foil thickness of 3.0 to 100 ^m. 

According to the third aspect of the first invention, there is provided an Fe-t)ased alloy foil for liquid phase diffusion 
bonding of Fe-based materials, and for enabling bonding in oxidizing atmospheres, characterized by having: 

40 

a chemical oomposttk)n including, in atomic percentage. 1 .0 to 20.0% P, 1.0 to 20.0% Si and 0.1 to 20.0% V, and 
also, one or more of 0.1 to 10.0% W, 0.1 to 10.0% Nb and 0.1 to 10.0% Ti, the balance composed of Fe and una- 
voidak)le impurities; and 
a foil thickness of 3.0 to 100 ^m. 

45 

According to the fourth aspect of the first invention, there is provided an Fe-based alloy foil for liquid phase diffusion 
borKling of Fe-k>ased materials, and for enabling kx)rKllng in oxkllzing atmospheres, characterized 1:^ having: 

a chemical composition including, in atomic percentage. 1.0 to 20.0% P. 1.0 to 20.0% Si and 0.1 to 20.0% V. arxi 
so also, one or nwe of 0.1 to 20.0% Cr, 0.1 to 15.0% Ni and 0.1 to 15.0% Co, arxi further, one or more of 0.1 to 10.0% 
W, 0.1 to 10.0% f^ and 0.1 to 10.0% Tl. the balance composed of Fe and unavoidable impurities; and 
a foil thickness of 3.0 to 100 \sm. 

According to the fifth aspect of the first invention, there is provided an Fe-based alloy foil for Iquid phase diffusion 
55 t>onding of Fe-based materials, and for enat)ling tXMiding in oxidizing atmospheres according to any one of the first to 
fourth aspects, characterized by having a sut^tantially amorphous structure. 

To achieve the second object according to the first aspect of the second invention, there is provided an Fe-I^ased 
alloy foil for liquid phase diffusion borxling of Fe-based materials, and for enabling bonding in oxidizing atmospheres, 
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characterized by having: 

a chemical composition including, in atomic percentage. 1.0 to 20.0% B, 1.0 to 20.0% Si and 0.1 to 20.0% V and 
the balarx^e composed of substantially Fe arKi unavoidable inrpurities: and 
5 a foil thickness off 3.0 to 100 ^m. 

According to the second aspect of the second invention, there is provided an Fe-based alloy foil for liquid phase 
diffusion bonding of Fe-based materials, and for enabling bonding in oxidizing atmospheres, characterized by having: 

10 a chemical composition including, in atomic percentage. 1.0 to 20.0% B. 1 .0 to 20.0% Si and 0.1 to 20.0% V, and 
also, one or more of 0.1 to 20.0% Cr. 0.1 to 15.0% Ni and 0.1 to 15.0% Co, the balance composed of Fe and una- 
voidable impurities; and 
a foil thickness of 3.0 to 100 

IS According to the third aspect of the second invention, there is provided an Fe-based ailpy foil for liquid phase diffu- 
sk>n bonding of Fe-based materials, and for enabling tx)nding in oxidizing atnrx)spheres. characterized by having: 

a chemical composition including, in atomic percentage. 1.0 to 20.0% B, 1.0 to 20.0% Si and 0.1 to 20.0% V. and 
also, one or more of 0. 1 to 10.0% W. 0.1 to 10.0% Nb and 0.1 to 10.0% Ti. the balance composed of Fe and una- 
20 voidable impurities; and 

a foil thickness of 3.0 to 1 00 ^m. 

According to the fourth aspect of the secorxi invention, there is provkied an Fe-based alloy foil for liquid phase dif- 
fusion bonding of Fe-based materials, and for enabling bonding in oxidizing atnnospheres. characterized by having: 

25 

a chemical composition including, in atomic percentage. 1.0 to 20.0% B, 1.0 to 20.0% Si and 0.1 to 20.0% V, and 
also, one or more of 0.1 to 20.0% Cr. 0.1 to 15.0% Ni and 0.1 to 15.0% Co. and further, one or more of 0.1 to 10.0% 
W. 0.1 to 10.0% Nb and 0.1 to 10.0% Ti. the ksalance composed of Fe arKi unavoMable impurities; and 
a foil thtokness of 3.0 to 100 pm. 

30 

According to the fifth aspect of the second invention, there is provided an Fe-based alloy foil for liquid phase diffu- 
sion bonding of Fe-based materials, and for enabling bonding in oxidizing atmospheres according to any one of the first 
to fourth aspects, characterized by having a substantially amorphous structure. 

To achieve the third object according to the first aspect of the third invention, there is provided an Fe-based alloy 
35 foil for lK|uki phase diffusion borKiing of Fe-based materials, and for enabling bonding in oxkiizing atmospheres, char- 
acterized by having: 

a chemical composition including. In atomic percentage. 1 .0 to 20.0% P. 1.0 to 10.0% Si arxi 0.1 to 20.0% V and 
1.0 to 20.0% B and the balance composed of substantially Fe and unavoidat)le impurities; and 
40 afbil thickness of 3.0 to 100 |im. 

According to the second aspect of the third inventbn. there is provkied an Fe-based alloy foil for liquki phase diffu- 
sk>n bonding of Fe-based materials, and for enat)ling bonding in oxMizing atmospheres, characterized by having: 

45 a chemical composition including, In atomic percentage, 1 .0 to 20.0% P. 1 .0 to 10.0% SI. 0.1 to 20.0% V and 1 .0 to 
20.0% B, and also, one or more of 0.1 to 20.0% Cr. 0.1 to 15.0% Ni and 0.1 to 15.0% Co. the balance composed 
of Fe and unavokiable impurities: and 

a foil thickness of 3.0 to 100 pm. ' 

50 According to tiie third aspect of the third invention, there is provkied an Fe-based alloy foil for Ik^uid phase diffusion 
borKiing of Fe-t)ased materials, and for enatsling kx>ndlng in oxkiizing atmospheres, characterized by having: 

a chemical composition including, in atomic percentage. 1 .0 to 20.0% P, 1 .0 to 10.0% St, 0.1 to 20.0% V and 1 .0 to 
20.0% B. and also, one or more of 0.1 to 10.0% W. 0.1 to 10.0% Nb and 0.1 to 10.0% Ti. the balance composed of 
55 Fe and unavokiable Impurities; and 

a foil thickness of 3.0 to 100 fim. ' 

According to tiie fourth aspect of the third invention, there is provkied an Fe-based alloy foil for Ik^ukl phase drffu- 



4 



EPO 854 002 A1 



sion bonding of Fe-based materials, and for enabling bonding In oxidizing atmospheres, characterized by having: 

a chemical composition including, in atomic percentage. 1 .0 to 20.0% P. 1 .0 to 10.0% Si. 0.1 to 20.0% V and 1 .0 to 
20.0% B and also, one or more of 0.1 to 20.0% Cr. 0.1 to 15.0% Ni and 0.1 to 15.0% Co. and further, one or more 
5 of 0.1 to 10.0% W. 0.1 to 10.0% Nb and 0.1 to 10.0% Ti. the t}alance composed of Fe and unavoidable inpurities; 

and 

a foil thickness off 3.0 to 100 pm. 

According to the fifth aspect of the third invention, there is provided an Fe-based alloy foil for liquid phase diffusion 
10 bonding of Fe-based materials, and for enabling bonding in oxidizing atmospheres according to any one of the first to 
fourth aspects, characterized by having a substantially amorphous structure. 
The following terminology is herein used. 

"Fe-based materials'* means various grades of steel products made of cartx>n steels containing Fe in an amount of 
50% or nnore in atomic percentage. 

"substantially amorphous" means that 50% or more of the crystallographic structure is amorphous, 
"liquid diffusion kx>nding" includes diffusion brazing and means a bonding method in which materials are bonded 
together by inserting an alloy, having a eutectic composition arxi a melting point lower than that of the materials to 
be bofKled. between the materials to be borxied in a foil or powder form or by plating, pressing the materials, heat- 
ing the joint portion to a temperature immediately above the liquids line of the inserted alloy (hereinafter referred to 
as an "insert metal") to cause melting and isothermal solidification, in which the melting is not limited to complete 
melting but includes 50% or more mefting. The isothermal solidification is caused by the fact that a specific element 
diffuses from a liquid phase to the material to be bonded (base material), and thereby, tiie chemical composition of 
the liquid phase is shifted so that a sdidus line reaches the temperature of the liquid phase, 
"oxidizing atmosphere" means an atmosphere which contains 0.1% or more of oxygen in volume percentage and 
has an oxygen partial pressure of 10'^ atm or more, including those containing H2, H2S, water vapor, or other 
reducing gases and nevertiieless having an oxidizing power equivalent to tiiat provided by an oxygen concentration 
of 0.1% or more. 

"melting point" means, in alloys of two or more elements, a solidus line on a phase diagram, if not otiierwise stated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plan view showing an exarrple of liquid phase diffusion bonding of round steel bars as a bonding test 
piece using a alloy foil (insert metal) for liquid phase diffusion bonding; 
35 Fig. 2 is a plan view showing a liquid phase diffusion-bonded round steel bar test piece and a tensile test piece 
sampled therefrom; 

Fig. 3 Is a plan view sfiowing a tensile test piece sampled by a tensile test piece sampler; 

Fig. 4 is a graph relating to the first Invention and showing the relationship between the V content of an Fe-based 
insert metal and tiie fracture strength of the bonded joint of a liquid phase diffusion4x>nded Fe-base material; 

40 Fig. 5 is a gr^h relating to the first Invention and showing the relationship between the Si content of an Fe-based 
insert metal and tiie fracture strength of the bonded joint of a liquid phase diffusion-bonded Fe-base material; 
Ftg. 6 is a graph relating to the first invention and showing the relationship between the P content of an Fe-based 
insert metal and the fracture strength of the bonded joint of a liquid phase diffusion-kx)nded Fe-based material; 
Fig. 7 Is a graph relating to the first Invention and showing the relationship between the thickness of an Fe-based 

45 insert metal and tiie fracture strength of the bonded joint of a liquid phase diffuslon-kx>nded Fe-based material; 

Fig. 8 is a graph relating to the first and second inventions and showing the toughness at 0^*0 of tiie heat-affected 
zone (base material) of a liquid phase diffusion-bonded Fe-based material using an Fe-based insert metal, in which 
B-type and P-type insert metals are compared; 

Rg. 9 is a graph relating to the second inventk3n and showing the relationship between the V content of an Fe-lnsert 
so metal and the fracture strength of tiie bonded joint of a liquid phase diffusion-bonded Fe-based material; 

Fig. 10 is a graph relating to the second invention and showing tiie relatk}nship between the Si content of an Fe- 
based insert metal and the fracture strength of the bonded joint of a Ikjuid phase diffusion-bonded Fe-based mate- 
rial; 

Fig. 1 1 is a graph relating to the second invention and showing the relationship between the B content of an Fe- 
55 based insert metal and the fracture strength of the bonded Joint of a liquid phase diffusion-bonded Fe-based mate- 
rial; 

Fig. 12 is a graph relating to tiie second invention and showing the relationship between the thickness of an Fe- 
based insert metal and the fracture strengtii of the bonded joint of a liquid phase diffusion-bonded Fe-based mate- 
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rial; 

Fig. 13 is a graph relating to the first and secofKi Inventions and showing the relationship between the bonding time 
and the fracture strength of the bonded joint of a liquid phase diffusion-bonded Fe-based material, in which B-type 
and P-type insert metals are compared; 

Fig. 14 is a graph relating to the third invention and showing the relationship between the V content of an Fe-insert 
metal and the fracture strength of the bonded joint of a liquid phase diffusion-bonded Fe-based material; 
Fig. 1 5 is a graph relating to the third invention and showing the relationship between the P content of an Fe-based 
insert metal and the fracture strength of the bonded joint of a liquid phase diffusion-bonded Fe-based material; 
Fig. 16 is a graph relating to the third invention and showing the relationship between the B content of an Fe-based 
insert metal and tiie fracture strengtii of the bonded joint of a liquid phase diffusion-bonded Fe-based material; 
Fig. 1 7 is a graph relating to the third invention and showing the relationship between the Si content of an Fe-based 
insert metal and the fracture strength of the bonded joint of a liquid phase diffusion-bonded Fe-based material; 
Fig. 1 8 is a graph relating to the tiitrd invention and showing the relationship between the thickness of an Fe-based 
insert metal and the fracture strengtii of the bonded joint of a liquki phase diffusion-bonded Fe-based material; 
Fig. 1 9 is a graph relating to the third invention and showing the relationship between the borxJing time and the frac- 
ture strengtii of the bonded joint of a liquid phase dlffusion-borxJed Fe-based material using an Fe-based insert 
metal containing P and B; and 

Fig. 20 is a graph relating to the third invention and showing the toughness at 0**C of the heat-affected zone (base 
material) of a liquid phase diffusion-bonded Fe-based material using an Fe-based insert metal. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention paid attention to the effect obtained by the Ni-based. V- and Si-containing alloy foils for liquid 
phase diffusion bonding as disclosed in Japanese Unexamined Patent Publications (Kokai) Nos. 2-151377, 2-151378. 
2-185940, 7-268521, and 7-276066, conducted various studies for an alloy foil for liquid phase diffusion bonding of Fe- 
t>ased materials causing neither inhomogeneous microstructure due to the presence of an Ni-phase nor degradation of 
the properties of ttie bonded material (base materiaQ due to tiiermal influence of bonding, and finally arrived at tiie 
present invention. 

In the first to third inventions, according to tiie first aspect, an Fe-based alloy foil is kept to be Fe-based in tiie same 
sense as tiie Fe-based base material, by corrtrolling the Ni content, if present, to a limited amount of from 0.1 to 15% 
to prevent occurrence of the problem of inhomogeneous microstructure, arxl the Fe-t3ased alloy foil contains, as essen- 
tial elements, P and/or B which diffuse and also lower the melting point. Si which lowers the melting point, and V which 
minimizes the Influence of oxide films. 

According to the second aspect, an Fe-based foil further selectively contains one or more of Or, Ni and Co for pri- 
marily improving the corrosion resistance of a bonded joint, in addition to tiie elements of the first aspect. 

According to the third aspect, an Fe-base alloy foil further selectively contains one or more of W, tsfo and Ti for pri- 
marily improving tiie bonded joint strengtii, in addition to the elements of tiie first aspect. 

According to the fourtfi aspect, an Fe-based alloy foil further selectively contains t)otii tfie elements of the second 
and third aspect, i.e., one or more of Cr, NI and Co for improving the corrosion resistance of a bonded joint, arxl simul- 
taneously, one or more of W. Nb and Ti for improving the tx)nded joint sti'ength. 

The selective elements are combinedly used in suitable amounts in accordance with the chemical composition of 
the base material, the required properties of a bonded joint, etc. 

B and P are known as diffusion elements. 

According to the first invention, P Is selectively used as a diffusion element, because It enat^les immediate realiza- 
tion of bonding at low temperatures (1000*»C or less), minimizes ttie thermal influence on the base material (material to 
be bonded), and prevents degradation of the properties due to coarsening of crystal grains of the base material. 

The first invention Is particularly advantageously used when a base material, or an Fe-based material, has a chem- 
ical compositi'on in whk:h crystal grains coarsen, due to a thermal influence, to degrade the material properties, such 
as in Mo-contatning steels. 

It is difficult to provide a good bonded joint when tiiese grades of steels are liquid phase diffusion-bonded by using 
single B addition as a diffusion element. 

The second invention selectively uses B as a diffusion element, which. In comparison with P. has a greater diffusion 
coefficient, a signif cantiy reduced bonding time, and a signif icantiy improved bonded joint strengtii. although the bond- 
ing temperature is 1050 to 1300**C. which is higher by 200^0 or more than that for P. 

The third invention uses both B and P as diffusion elements to complement each otiier so that elevated bonding 
temperatures exert no significant thermal influence on the base material (material to be bonded) to prevent degradation 
of the properties of the base material due to coarsening of crystal grains and to reduce the borKiing time. 

The third invention combinedly uses B and P as diffusion elements and can be advantageously applied to materials 
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to be bonded, or an Fe-based material having a chemical composition in which crystal grains are likely to coarsen due 
to thermal influence to degrade the material properties, such as steels having a ferritic structure, a bainitic structure, or 
a martensitic structure. 

VS^en P alone is used as a diffusion element, bonding requires a longer time than that required when only B is 
applied, but the combined use with B factitages formation of the amorphous phase and production of the foil while allow- 
ing significant reduction of the bonding time with respect to that required when only P is applied. 

Thus, the third invention facilitates production of the alloy foil, which can be advantageously applied to liquid phase 
diffusion bonding of Fe-based materials including a wide variation of steel grades to provide a bonded joint having an 
improved fracture strength. 

The present invention uses alloying elements for the reasons and in the amounts as described below. The following 
explanation commonly applies to the first to third inventions, if not otherwise stated. 

(1) Fe-based (The Fe content is 50% or more in atomic percentage) 

For bonding Fe-based materials (steel products made of carbon steels containing 50% or more of Fe in atomic per- 
centage), the use of an Fe-based alloy foil avoids the occurrence of inhomogeneous microstructures due to the inclu- 
sion of a Ni phase as encountered with a Nl-based insert metal, the bonding time is reduced, and good bonded joint 
strength is readily ensured. 

(2) TTie P content is 1 .0 to 20.0%. (The first and third inventions) 

P has an essential role as a diffusing atom to realize the isothermal solidification required to achieve liquid phase 
diffusion kx)rKling and as an element to lower the melting point to less than that of the base material. To these ends, P 
must be contained in an amount of 1 .0% or more. However, according to the detailed study by the present inventors, if 
P is present in an amount of more than 20.0% and the base material contains Mo and Cr. 5 ^m or coarse phosphides 
are formed in the base material, particularly along the aystal grain boundaries thereof, to degrade the bonded joint 
strength. Therefore, the P content must be from 1.0 to 20.0%. 

Note, in the third invention, that the P content is considered with respect to the B content in accordance with param- 
eters such as the base material, the chemical composition of the alloy foil of the present Invention, and the properties 
required for the bonded joint. 

(3) The 6 content must be from 1 .0 to 20.0%. (The second and third invention) 

B has an essential role as a diffusion element to realize isothermal solidification required to achieve liquid phase 
diffusion borKling and as an element to lower the melting point to less than that of the k>ase material (In the third inven- 
tion, B is combinedly used with P to facilitate formation of an amorphous phase). To these ends, B must be contained 
in an anrxjunt of 1 .0% or more. However, if the base material contains Mo and Cr. coarse sulfides are formed in the base 
material, particularly near the bonded joint, and significantly degrade the bonded joint strength. 

(4) The Si content must be 1 .0 to 20.0%. (The first and second inventions) 

Si effectively lowers the melting point and is used to prevent the necessary bonding time from being elongated by 
a rise of the melting point which would otherwise occur in the presence of a relatively large amourrt of V. The effect is 
insignificant when the Si conterrt is less than 1 .0%. Si contents of more than 20.0% occasionally cause coarse oxides 
containing Si to be formed in the insert metal during liquid phase diffusion bonding in an oxidizing atmosphere to 
degrade the strength and toughness of a bonded joint. 

In the third invention, the Si content must be from 1.0 to 10.0%. The Si provides the same effect as in the first or 
second inventions. Si contents of more than 10.0% occasionally cause coarse oxides containing Si to be formed in the 
insert metal during liquid phase diffusion tXKiding in an oxidizing atmosphere to degrade the strength arKi toughness of 
a bonded joint. 

(5) The V content must be from 0.1 to 20.0%. 

When V is present, a low melting point complex oxide V205-Fe203 (with a melting point of around 800°C) is formed 
as a coating on the surface of a base material instead of an oxide coating of Fe203. The complex oxide coating is 
melted at the bonding temperature (900 to 1200*^0) and is spheroidized in a liquid phase due to tiie difference in the 
surface tension to provide good wetting between the Fe-based material and the molten insert metal. The diffusion ele- 
ments P and/or B are then not subject to tiie influence of a surface oxide film but freely diffuse between the spheroidized 
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oxides. Thus, V ts an essentia! element of primary importance to realize liquid phase diffusion bonding in oxidizing 
atmospheres. 

An amount of less than 0.1% is insufficient to melt the oxide film and provides no sut>stantial effect, whereas an 
amount of more thdn 20.0% causes an insert metal to have a melting point of higher than 1300°C. at which liquid phase 
diffusion bonding is actually impossit>le. 

(6) The Cr content must be from 0.1 to 20.0%. 

Cr has a primary effect of improving the corrosion resistance and the oxidation resistance. An amount of less than 
0.1% provides no substantial effect, whereas an amount of more than 20.0% extremely raises the melting point of an 
alloy foil causing degradation of the productivity and rendering the liquid phase diffusion bonding temperature, 
extremely high and far distant from a practically applicable range, such as 1400**C or more. 

(7) The Ni content must be from 0.1 to 15.0%. 

Ni has a primary effect of improving the corrosion resistance and the oxidation resistance. An amount of less than 
0. 1% provides no substantial effect, whereas an amount of more than 1 5% prevents provision of a homogeneous micro- 
structure because of inclusion of a Ni phase, also causing elongation of the required bonding time and degradation of 
the bonded joint strength. 

(8) The Co content must be from 0.1 to 15.0%. 

Co has a primary effect of improving the corrosion resistance and the oxidation resistance and imparting the 
strength. An amount of less than 0.1% provides no substantial effect, whereas an amount of more 15% causes forma- 
tion of coarse intermetallic compounds in an insert metal to degrade the bonded joint toughness. 

(9) The W. Nb and Ti contents must be from 0.1 to 10.0%. respectively. 

W improves the bonded joint strength. An amount of less than 0.10% provides no substantial effect, whereas an 
amount of wore than 10.0% causes precipitation of a coarse Laves phase, due to interdendritic segregation, and unde- 
sirably lowers the strength. 

Nb advantageously improves the toughness when dispersed in a matrix as a cartnde, a nitride or a carbonitride. An 
amount of less than 0.1% provides no substantial effect, whereas an amount of more than 10.0% causes formation of 
coarse Fe-Nb intermetallic compourxJs to occasionally significantly degrade the bonded joint toughness. 

Ti improves the bonded joint strength and. when uniformly dispersed as a carbide or a nitride, inrproves the tough- 
ness. An amount of less than 0.1% provides no substantial effect, whereas an amount of more than 10.0% causes for- 
mation of coarse intermetallic compounds to significantly degrade the kx>nded joint toughness. 

To provide a good borxJed joint, the alloy foil for liquid phase diffusion bonding of the present invention having the 
above-specified chemical composition must form a uniform melt during liquid phase diffusion borxling. 

If an insert metal is inhomogeneous in chemical composition and includes segregates allowing elements, the melt- 
ing point varies between portions of the insert metal to ffsul in providing a honrK>geneous bonded interface or a sound 
bonded joint. 

Considering that actual foils contain inhomogeneous chemical composition and include segregation of sUloying ele- 
ments, the foil preferat)ly has an anrx^rphous structure. 

However, it is not essential that the structure is amorphous when an alloy foil having a homogeneous chemical 
composition can be readily obtained. 

The alloy foil for liquid phase diffusion bonding can be provided as an insert metal in various forms. 

An alloy having a chemical composition according to any one of the first to fourth aspects of the first to third inven- 
tions can be readily produced as an amorphous alloy foil by a melt quenching method, for example. 

To this end. a simple single roll method using a single cooling roll as a cooling substrate is suitably used as a basic 
production process, which is one of the melt quenching metiiods. in which an alloy melt is sprayed tiirough a nozzle 
onto a cooling substrate, cooled arxi solidified via thermal contact. 

Otiier suitable methods include a centrifugal quenching method utilizing an inner wall of a drum, a method using 
an endless belt, and nrxxitf icatrons of these methods, such as a method using a sut>sidiary roll and a device for control- 
ling the roll surface temperature, or casting under evacuation, in vacuum, or in an inert gas. A twin roll metiiod. in which 
a pair of rolls between which a nx)tten metal is poured to be quenched to solidify, can be also used. 

It is also possible that an alloy is vacuum-melted and cast to an ingot, which is then rolled and annealed in a usual 
manner to form an alloy foil. 
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An alloy foil thus produced must have a thickness of from 3.0 to 100 jim because a foil having a thickness of less 
than 3.0 ^m fails to provide an absolute amount of V sufficient to render harmless an oxide film on the sur^ce of a base 
material, although the thinner the foil, the smaller the variation in the mechanical properties of the material in the portion 
near the bonded joint and shorter the time required for the borxling, and more advantageous to liquid phase diffusion 

5 bonding. In the first and second inventions, a thickness of more than 100 ^m requires an elongated time (10 hours or 
more, for example) to complete liquid phase diffusion bonding, which is not practically acceptable. 

tn the third invention, the upper limit of the foil thickness can be increased to 200 ^m for the following reasons. 
P also effectively lowers the melting point of a foil and B is a rapidly diffusion element. The combined presence of 
these elements provides a foil having a lower meeting than that of a foil in which single B addition is applied. In tiiis case. 

10 a reaction occurring between the bonding alloy foil and the base material (the base material is dissolved in the foil) 
results in an increased degree of dilution of the bonding foil. Of course, the same occurs in a foil of only a P addition. If 
the degree of dilution is great, the amount to be diffused (a diffused amount necessary to complete isothermal solidifi- 
cation) is relatively reduced. Therefore, although the borKJed metal region has a greater width, isothermal solidification 
is actually completed much nrx>re rapidly in the wider region tlran in the case of only a P addition. In bonding at 11 50*^0. 

IS because the actual bonding time is related to the bonded joint strength as shown in Fig. 1 9. the combined P and B addi- 
tion mitigates the upper limit of the bonding foil thickness by about two times greater from the viewpoint of the kx)nded 
joint strength. 

To simplify the above explanation, the reaction phase diagram expected to prevail during borxJing signif icantiy var- 
ies between only a P addition, only a B addition, and a combined P and B addition. 
20 Although the present invention relates to an alloy foil for liquid phase diffusion bonding. It enables bonding in air and 
is also applied to diffusion brazing. 

Example 1 

25 Alloys for Ikiuid phase diffusion borKling according to the first invention were used to carry out liquid phase diffusion 
bonding of an Fe-based material. The conditions of use and tiie obtained results will be described together with those 
of comparative samples with reference to the following Tables and the attached drawings. 

About lOOg of alloys having a chemical composition of any one of the first to fourth aspects of the first invention 
were quenched by a single roll method (a 300 mm dia. copper cooling roll) to form 2 to 215 mm wide. 3.0 to 100 ^m 
30 thick alloy foils having a substantially amorphous aystallographic structure. 
The peripheral speed of the cooling roll was kept at 5.0 to 15.0 m/s. 

As shown in Table 1 (Tables 1-1 to 1-8), alt of the alloy foils of the present Invention had Fe-t>ased chemical com- 
positions (atomic percentage), In which the difference between 100% and the total amounts of the listed components 
means the sum of the amounts of Fe and unavoidable impurities. 
35 Table 2 shows the chemical conposttions of comparative alloys (atomic percentage), which are also Fe-based and 
the difference between 100% and the total amounts of the listed components means the sum of the amounts of Fe and 
unavoidat)le impurities. The comparative alloy foils of TatAe 2 were produced in the same manner as the present inven- 
tive alloy foils of Table 1 . 

Liquid phase diffusion bonding was carried out by using the alloy foils No. 1 to No. 199 of Tat)le 1 (hereinafter 
40 referred to as "inventive insert metal") satisfying any one of the first to fifth aspects of the first Invention and the com- 
parative alloy foils No. 200 to No. 212 of Table 2 (which are hereinafter referred to as "comparative Insert metal**) and 
include conventional insert metals). 

The inventive insert metals were 3 to 100 ^m thick and 20 mm in diameter, the comparative insert metals were 5.16 
to 133.74 pm thick and 20 mm in diameter, the base material was an Fe-based material (JIS STK400), and tiie insert 
45 metals were Inserted between two round steel bars (20 mm In dia.) of the base material as shown in Fig. 1 . 

Figure 1 shows round steel bars 1 , 1 of tiie nnaterial to be bonded and an insert metal 2 or an alloy for liquid phase 
diffusion bonding. 

The liquid phase diffusion tx)nding was carried out in air with a bonding temperature of from Immediately above the 
melting point of the alloy foil to the melting point plus 50*^0 in a large scale heating fumace with a target temperature of 
so effectively 950 to 1 0OO'C. 

The base material 1 and the insert metal 2 were pressed togetiier at a pressure of 2 megapascai (MPa) to ensure 
good contact therebetween. 

The bonding time was 10 mtn in all cases, the following heat treatments were conducted alone or in combination to 
ensure the strength, corrosion resistance, and toughness of the borxied material, and the heat treatments including 
55 tempering, tempering plus annealing, annealing plus tempering, quench-hardening plus annealing plus tempering. 

During any of these heat treatments, the mutual diffusion of elements between the materials to be borxjed pro- 
ceeded to homogenize the bonded joint but no substantial formation, increase, or growtti of precipitates was observed 
In the Inventive Insert metal. 
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Then, a JIS No. 2 subsize round bar tensile test was conducted to determine the soundness of the bonded joint 
with the result that the non-bonded area percentage was 0% for all test pieces bonded with the present inventive Insert 
metals. 

In the manner as shown In Rg. 2, JIS No. A2 test pieces having a shape shown in Rg. 3 were machined from a 
5 rourxj steel bar in the direction of the bar axis and then were subjected to a tensile test at room temperature to deter- 
mine the bonded joint fracture strength. 

The tensile fracture strength of the t>onded joint is determined by the base material, the thickness, the service envi- 
ronment etc.. and, in this Example, a required minimum strength was provisionally set as 400 MPa from the practical 
limit and a bonded joint was judged to be sound when a fracture strength was more than that value. The experimental 
10 results are also shown in Tables 1 and 2. 

It can be seen from Table 1 that the bonded joints obtained by the liquid phase diffusion bonding using the alloy foils 
according to ihe present invention all exhibited an extremely good bonded joint strength including a strength greater 
than the target level of 400 MPa. 

In contrast, the bonded joints ot>tained by the liquid phase diffusion bonding using the comparative alloy foils not 
IS satisfying the present inventive scope all exhibited a bonded joint strength lower tiian the target level of 400 MPa, in 
which none was practically acceptable, individual results will be described later. 

Rgures 4 to 7 show the relationship between the specified component elements or the thickness of the alloy foil for 
liquid phase diffusion borrdrng according to the present invention and the bonded joint fracture strength (expressed in 
MPa) and Rg. 8 shows the toughness of the heat affected zone (Isase material). 
20 Figure 4 shows the influence of the V concentration of the Insert metal on the bonded joint fracture strength. When 
the V concentration is less than 0.1% in terms of atomic percentage, the oxide film on the base material cannot com- 
pletely be rendered harmless arxi the bonded joint strength is low, whereas in the range of from 0.1 to 20.0% in terms 
of atomic percentage, the bonded joint fracture strength is comparat>le with, or greater than, that of the base material 
(the material to be bonded), which means that V effectively operates to render the oxide film harmless. However, when 
25 the V concentration is more than 20% in terms of atomic percentage, the insert metal has a higher melting point causing 
shortage of the tx>nding time and degradation of the kx)nded joint fracture strength. 

Figure 5 likewise shows the relationship between tiie Si content and the bonded joint fracture strengtii. The bonded 
joint fracture strength is reduced either when the Si content is less than 5.0%; particularly less than 1 .0%, or when the 
Si content is more than 20.0%, whereas Si contents of from 1 .0 to 20.0% ensure a high fracture strength of the bonded 
30 joint. 

Figure 6 shows the relationship between the P content and tiie bonded joint fracture strength. The bonded joint 
fracture strength is reduced eitiier when tiie P content is less than 1.0%. whereby the insert metal has a high melting 
point, or when the P content is more than 20.0%, whereby intermetallic compourvis are formed near the bonded inter- 
face. P contents of from 1 .0 to 20.0% ensures a high fracture strength of the bonded joint. 
35 Rgure 7 shows the relationship between the insert metal thickness and the bonded joint fracture sb-ength, In which 
it can be seen that foils having a tfiickness more than 100 ^m fail to provide good fracture strength at the tended joint. 

Figure 8 shows the toughness at O^'C of the base material in the vicinity of tiie txxxled joint when P is used as a 
diffusion elemerrt in comparison with tiiat when B is used as a diffusion element. The experimental corxiitions are sum- 
marized in Tables 3 and 4. 

40 It can be seen from Rg. 8 and Tables 3 and 4 that, when P is used as a diffusfon element tiie bonding time is sig- 
nif icantiy longer than that required when B is used as a diffosion element txit the bonding temperature can be lower 
than lOOO^C to minimize thermal influence on the base material (material to be tx>nded) thereby improving tiie tough- 
ness of the base material in the vicinity of the tx}nded joint. 

The toughness herein referred to was determined by a impact test using a JIS No. 4 Charpy impact test piece 
45 machined from a bonded round steel bar sample as an estimate of coarsening of the aystal grains in the heat affected 
zone of the base material (STK400), in whk^h a threshoM toughness was determined as 50J, which is frequently used 
as an estimation reference for general structural materials. 

Table 2 shows tiie chemical compositions and the deternrtined tensile fracture strengtii of tiie bonded joint for com- 
parative examples to be compared with those of the present Inventive alloy foils. 
so It can be seen from TakJie 2 that Comparative Sample No. 200 contains P in an insufficient amount whereby tiie 
melting point is higher than ISOO^'C to result in a significantly small fracture sb-ength and that Comparative Sample No. 
201 contains P in an excessive amount whereby coarse intermetallic compounds are formed near the bonded joint to 
reduce the bonded joint fracture strength. 

Comparative Sample No. 202 contains Si in an insufficient amount whereby the melting point is higher tfian 1 300°C 
55 with the result that the t)onded joint fracture strength is signrf icantiy reduced, and Comparative Sample No. 203 con- 
tains Si in an excessive amount whereby coarse Si02-based oxides are formed in the insert metal during bonding to 
reduce the bonded point fracture sti^ength. 

Comparative Sample No. 204 contains V in an insufficient anrKDunt whereby an oxide film formed on the base mate- 
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rial surface was not completely rendered harmless and the bonded joint fracture strength is small, and Comparative 
Sample No. 205 contains V in an excessive amount whereby the melting point of the insert metal is extremely high and 
liquid phase diffusion bonding is not completely effected to cause reduction in the bonded joint fracture strength. 

Comparative Sample No. 206 contains a large amount of Cr whereby the melting point is extremely high and liquid 
5 phase diffusion bonding is not completely effected to cause significant reduction in the bonded joint fracture strength, 
and Comparative Sample No. 207 contains a large amount Ni whereby a Ni phase forms inclusions in an Fe phase to 
cause the microstructure to be inhomogeneous, the toughness to be lowered, and the bonded joint fracture strength to 
be reduced. 

Comparative Sample No. 208 contains an excessive amount of Co whereby coarse intermetallic compounds are 
10 formed to reduce the toughness and the bonded joint fracture strength is reduced, and Comparative Sample No. 209 
contains an excessive amount of W whereby coarse intermetallic compounds are formed to reduce the toughness and 
the bonded joint fracture strength is thereby reduced, and Comparative Sample No. 210 contains an excessive amount 
of Nb whereby coarse Fe-Nb-based intermetallic connpounds are precipitated to cause embrittlement arxl reduction in 
the bonded joint fracture strength. 
IS Comparative Sample No. 21 1 contains an excessive amount of Ti whereby ooarse intermetallic compounds are 
formed in a large amount to cause reduction in the toughness and the bonded joint fracture strength, and Comparative 
Sample No. 212 has too large a foil thickness to cause reduction in the bonded joint fracture strength. 

As described above, the target fracture strength of the bonded joint of 400 MPa cannot be achieved by liquid phase 
diffusion kxKiding using the comparative insert metals, which partially satisfy, but do not conrptetely satisfy, the specified 
20 requirement of the present invention. 
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Tables 
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Si 


V 


Fe 


B-type insert metal 
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Base 
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The chemical composition of base material conforms to STK400. 



Tat>le4 



Bonding temperature. Butting 


stress and Bonding time 
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B-type insert metal 
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According to the first invention, liquid phase diffusion bonding of various kinds of Fe-based materials (steel plates, 
steel pipes, steel stripes, steel bars, etc.) can be performed In oxidizing atmospheres at low temperatures to reduce 
thermal influence on the t>ase material (the material to be bonded) and can provide a bonded joint having a high frac* 
ture strength, and thereby, the advantageous feature of liquid phase diffusion bonding can be utilized for bonding of Fe- 
base materials, the bonding time can be reduced in comparison with that required in the other bonding methods to sig- 
nificantly reduce the bonding work time. 

Example 2 

Alloys for liquid phase diffusion bonding according to the second invention were used to carry out liquid phase dif- 
fusion tx)ndir)g of an Fe-based material. The conditions of use and the obtained results will be described together with 
those of comparative samples with reference to the following Tables and the attached drawings. 

About 100g of alloys having a chemical composition of any one of the first to fourth aspects of the first invention 
were quenched by a single roll method (a 300 mm dia. copper cooling roll) to form 2 to 215 mm wkle. 3.0 to 100 ^m 
thick alloy foils having a substantially amorphous crystallographic structure. 

The peripheral speed of the cooling roll was kept at 5.0 to 15.0 m/s. 

As shown in Table 5 (Tak»les 5-1 to 5-8). all of the alloy foils of the present invention had Fe-based chemical com- 
positions (atomic percentage), in which the difference between 100% and the total amounts of the listed components 
means the sum of the amounts of Fe and unavoidable impurities. 

Table 6 shows the chemical compositions of comparative alfoys (atomic percentage), which are also Fe-based and 
the difference between 100% and the total amounts of the listed components means the sum of tiie amounts of Fe and 
unavoidat>le impurities. The comparative alloy foils of Table 6 were produced in the same manner as the present inven- 
tive alloy foils of Table 5. 

UqukJ phase diffusion bonding was carried out by using the alloy foils Na 1 to 199 of Table 5 (hereinafter referred 
to as "inventive insert metaH satisfying any one of the first to f iftti aspects of the first invention and the comparative alloy 
foils No. 200 to 212 of Table 6 (hereinafter refenred to as "comparative insert metal" irx^luding the conventional insert 
metals). 

The inventive insert metals were 3 to 1 00 ixm thick and 20 mm in diameter, the conparative insert metals were 7.67 
to 234.10 pm thick and 20 mm in diameter, the t>ase material was an Fe-t)ased material (JIS STK400). and the insert 
metals were inserted between two round steel bars (20 mm in dia.) of the base materiEd as shown in Fig. 1 . 

Figure 1 shews round steel bars 1 , 1 of the material to be bonded and an insert metal 2 or an alloy for Iquid phase 
diffusion tx)nding. 

The liquid phase diffusion borxiing was carried out in air with a bonding temperature of from immediately akx3ve the 
melting point of the alloy foil to the melting point plus SCO in a large scale heating furnace with a target temperature of 
effectively 1050 to 1300*^0. 

The base material 1 and the insert metal 2 were pressed together at a pressure of 2 megapascal (MPa) to ensure 
a good contact therebetween. 
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The bonding time was 10 min in all cases, the following heat treatments were conducted solely or combinedly to 
ensure the strength, corrosion resistance, and toughness of the bonded material, the heat treatments including temper- 
ing, tempering plus annealing, annealing plus tempering, quench-hardening plus annealing plus tempering. 

During any of these heat treatments, mutual diffusion of elements betwe n th materials to be bonded proceeded 
5 to homogenize the bonded joint but no substantial formation. Increas , or growth of precipitates was observed in the 
inventive insert metal. 

Then, a JIS No. 2 subsize round bar tensile test was corxlucted to determine the soundness of the bonded joint 
with the result that the non-bonded area percentage was 0% for all test pieces bonded with the present inventive insert 
metals. 

10 In the manner as shown in Fig. 2, JIS No. A2 test pieces having a shape shown in Fig. 3 were machined from a 
rourxJ steel bar in the direction of the bar axis and then were subjected to a tensile test at room temperature to deter- 
mine the bonded joint fracture strength. 

The fracture strength of the bonded joint is determined by the base material, the thickness, the service environ- 
ment, etc., and in this Example, a required minimum strength was provisionally set as 400 MPa from the practical limit 
75 and a bonded joint was judged to be sound when a fracture strength was more than that value. The experimental results 
are also shown in Tables 5 and 6. 

It can be seen from Table 5 that the bonded joints obtained by the liquid phase diffusion kx)nding using the alloy foils 
according to the present invention all exhibited an extremely good bonded joint strength including a strength greater 
than the target level of 400 MPa. 
20 In contrast, the borxJed joints obtained by tiie liquid phase diffusion trending using the comparative alloy foils not 
satisfying the present inventive scope all exhibited a bonded joint strength lower than the target level of 400 MPa. In 
which none was practically acceptable. Individual results will be described later. 

Figures 9 to 13 show the relationship between tiie specified component elements or the thickness of the alloy foil 
for liquid phase diffusion bonding according to the present invention and the bonded joint fracture strength (expressed 
25 in MPa). 

Figure 9 shows the influence of the V concentration of tiie insert metal on the bonded joint fracture strength. When 
the V concenti^ation is less than 0.1% in terms of atomic percentage, the oxide film on the base material cannot com- 
pletely be rerxlered harmless and the bonded joint strengtii is low. whereas in the range of from 0.1 to 20.0% In terms 
of atomic percentage, tiie bonded joint fracture strength is comparable with, or greater than, tiiat of tiie base material 

30 (the material to be kx>nded). which means that V effectively operates to render the oxide film harmless. However, when 
the V concentration is nrK>re tiian 20% in terms of atomic percentage, the insert metal has a higher melting point causing 
a problem witii the bonding time and degradation of tiie fcx>nded joint fracture sti'ength. 

Rgure 10 likewise shows the relationship between the Si content and the bonded joint fracture strengtii. The 
bonded joint fracture strength is reduced either when tiie SI content is less than 1 .0%. or when the Si content is nfK>re 

35 than 20.0%. whereas Si contents of from 1 .0 to 20.0% ensure a high fracture strength of the t)onded joint. 

Figure 1 1 shows the relationship between the B content and tiie t)onded joint fracture strength. The bonded joint 
fracture strength is reduced either when the B content is less than 1 .0% whereby the insert metal has a high melting 
point, or when the B content is more than 20.0% whereby intermetallic compounds are formed near the bonded inter- 
face. B contents of from 1 .0 to 20.0% ensure a high fracture strength of the bonded joint. 

40 Figure 12 shows the relatk)nship between tiie insert metal thickness and the bonded joint fracture strength, in 
which it can be obviously seen that foils having a thickness more than 100 iim fait to provide good fracture strength of 
the boTKied joint. 

Figure 13 shows the relationship between the tx)nded joint fracture sti-ength (MPa) arxj the bonding time when B is 
used as a diffusion element in comparison with that when P is used as a diffusion element. The experimental conditions 
45 are summarized in Tables 7 and 8. 

It can be seen from Fig. 1 3 and Tables 7 and 8 that, when B is used as a diffusion element, the bonding temperature 
is higher than that required when P rs used as a diffusion element, txit the target value 400 (MPa) of the bonded joint 
fracture strength is achieved in a reduced bonding time. 

TatHe 6 shows the chemical compositions and the determined tensile fracture strengtii of the bonded joint for com- 
so parative examples to be compared with those of the present inventive alloy foils. 

It can be seen from Table 6 that Comparative Sample No. 200 contains B in an insufficient anrx)unt whereby the 
melting point Is higher than 1300**C to result in a significantly small fracture strength and that Comparative Seimple No. 
201 contains B in an excessive amount whereby coarse borides are formed in the base material near the bonded joint 
to reduce ttie bonded joint fracture strength. 
55 Comparative Sample No. 202 contains Si in an insufficient amount whereby the melting point is higher ttian 1 300'*C 
with the result that the tx)nded joint fracture strength is significantiy reduced, and Comparative Sample No. 203 con- 
tains Si in an excessive amount whereby coarse Si02-based oxides are formed in the insert metal during bonding to 
reduce the tx)nded point fracture strength. 
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Comparative Sample No. 204 contains V in an insufficient amount whereby an oxide film formed on the base mate- 
rial surface was not completely rendered harmless and the bonded joint fracture strength is small, and Comparative 
Sample No. 205 contains V in an excessive amount whereby the melting point of the insert metal is extremely high and 
liquid phase diffusion bonding is not completely effected to cause reduction in the bonded joint fracture strength. 

Comparative Sample No. 206 contains a large amount of Cr whereby the melting point is extremely high and liquid 
phase diffusion bonding is not completely effected to cause significant reduction in the bonded joint fracture strength, 
and Comparative Sample No. 207 contains a large amount of Ni whereby a Ni phase forms inclusions in an Fe phase 
to cause the microstructure to be tnhomogeneous. the toughness to be lowered, and the bonded joint fracture strength 
to be reduced. 

Comparative Sample No. 208 contains an excessive amount of Co whereby coarse intermetallic compounds are 
formed to reduce the toughness and the bonded joint fracture strength is reduced, and Comparative Sample No. 209 
contains an excessive amount of W whereby coarse intermetallic compounds are formed to reduce the toughness and 
the bonded joint fracture strength is thereby reduced, and Comparative Sample No. 210 contains an excessive amount 
of Nb whereby coarse Fe-Nb-based intermetallic compourKis are precipitated to cause embrittlement and reduction in 
the bonded joint fracture strength. 

Comparative Sample No. 211 contains an excessive amount of Ti whereby coarse intermetallic compounds are 
formed in a large amount to cause reduction in the toughness and the tx>nded joint fracture strength, and Comparative 
Sample No. 212 has too large a foil tiiickness to cause reduction in the borKled joint fracture strength. 

As described above, tiie target fracture strength of the bonded joint of 400 MPa cannot be achieved by liquid phase 
diffusion bonding using the comparative insert metals, which partially satisfy, but do not completely satisfy, the specified 
requirement of the present invention. 



23 



EP0 854 002A1 



10 



IS 



20 



25 



30 



35 



40 



I 

in 



fd 



Fracture 
Strength 
(MPa) 


cri 

r- 
m 

'J- 


CM 
f>. 

<r 


in 

CO 

VO 


511.77 


as 
m 

m 


in 
-J 

VO 
<r 


O 

in 


VO 
CO 

CM 

in 


CM 
O 

in 


549.66 


fO 

r*. 

m 
cn 


467.65 


CO 

cn 
-o- 


<r 
o 
in 


535.20 


tn 

00 

m 
to 


ro 
VO 

CM 
CM 

\n 


OO 
CM 

in 
<*■ 


530.90 


o 

m 
<r 
m 


474.79 


CO 

cn 

CO 

tn 

<i- 


VO 
-a- 

Ol 

<r 


ON 
CO 

CO 
m 
•<r 


rH 

<r 
m 


u 




















































Bonding 
Atmosph 


•H 
< 


u 
«J 


u 

-H 
< 


-H 
< 


u 

< 


u 
< 


u 

-H 

< 


u 
< 


u 

< 


< 




u 

< 


< 


u 

•H 


u 

< 


u 

•H 
< 


u 

•H 

< 


u 

•H 
< 


u 

-H 


•H 
< 


-H 
< 


u 

•H 
< 


u 

•H 

<: 


u 

-H 
< 


-H 


CO 
CO 

1 




















































rH 


i-H 

00 


o 
vn 


m 




r«- 


m 

iH 


00 

o» 


CM 


O 
Ov 




1-1 

r- 


VO 


CO 

ON 


CM 
CO 




VO 


CM 

o\ 


m 

rs. 


rH 


VO 

cn 


CO 


CO 


CO 
00 




-w 

O 4 
U« E- 


H 

•4 






















































el 










































































































4-» 

(d 


jQ 




















































—1 
♦H 
o 






















































o 
< 


O 
O 


































m 

CM 
r«- 


fO 

o 

CO 


in 

CO 
rH 








o 

00 
VO 


VO 
VO 


in 

00 

rH 
rH 


o 


-H 
Z 




























r>. 
VO 


O 
OO 


CO 

cn 








in 

VO 


OO 
C7V 


cn 

CO 


m 
to 


CO 

ro 


cn 

ON 


c 
o 




























00 


-d- 










VO 


rH 


rH 
rH 


rH 
rH 


O 


in 


ipositi 


o 






















VO 

<r 


a\ 

CM 


o 














fH 
CM 

rH 


OO 

r«. 

rH 


VO 
CM 

r«» 








E 
O 

o 


> 


O 

«o 


<^ 


«o 


*n 
ro 


CM 

en 


cn 

CM 


a\ 
CM 


*n 

r-. 


•J" 


rO 

ON 


m 


CO 

in 


r«- 
cn 


cn 

CO 


o 


r«« 

rH 


co 

tn 


VO 
O 


OO 
rH 


rH 

o 


VO 
OV 


cn 


CO 
ON 


00 

to 


OO 


Id 




tH 






CM 
r-l 




m 


o 
t— t 


<r 
«-« 


O 


CTV 
«-H 


cn 


m 


m 


o 

rH 


iH 


cn 
fH 


fH 


m 


VO 


cn 

rH 


«^ 


o 


OO 


rH 


ON 

fH 


u 
£ 




in 


\o 




CO 
VO 


o» 
CO 


m 


00 
VO 


tn 
ro 


vn 


OO 
CO 


VO 


o 

Oi 


o% 




OO 
CM 


VO 

m 


CO 
VO 


m 

CM 


o 
o 


CM 

m 


CO 
CM 


OO 

o 


VO 
CO 


to 


VO 




(/> 


<r 


VO 




VO 


oo 


CM 


CM 
.H 


cn 


r*- 


VO 


in 

rH 


OO 


o> 


CO 


CM 


CO 
rH 


00 

rH 


CO 


CO 
tH 


00 


cn 


CM 
rH 


r-«- 


o 

rH 


CM 
rH 




CP 


o 

GO 


o 


vO 




o» 
»n 


CO 

m 


fH 

a\ 


CO 


#H 
CO 


CO 


VO 

f-l 


CM 


*o 

VO 


VO 
CM 


<r 


o 

o 


cn 


OO 


m 

o 


m 

CO 


o 

VO 


m 

-a- 


CO 
CM 


r- 








r- 


m 




n 


00 


VO 


<7> 


VO 


.-1 

rH 


00 




VO 


o 

fH 


CO 


CM 


cn 


rH 


in 


r-. 

.-H 


OO 
rH 


CO 


m 


rH 


<M 
rH 


m 

rH 


d 

2 




CM 






tn 






CO 


Ov 


o 




CM 


CO 




vn 


VO 




00 


cn 


o 

CM 


fH 
CM 


CM 
CM 


CO 

CM 


■<r 
<M 


m 

CM 



SO 



24 



EP0854 002 A1 



10 



IS 



20 



25 



30 



35 



40 



(N 
I 

in 
to 



3 00 ^ 

u c ^ 

u a> cu 

u *J 

fU CO 

c o. 

H 0» 

d 6 

o ♦J 



cn 



o ^ 



O 

E 
o 
o 



z 



o 
o 



CSJ 

o 



CO 



oo 



o 



to 
oo 



CO 



CM 
O 



CM 



o 

so 



U 
< 



00 
m 



o 

00 



o 
oo 



oo 



o 



O 



O 



VO 



o 

CO 



eg 



VO 



O 



O 
CM 



m 

o 



m 

00 



so 

CM 



o 

•H 
CM 



o 



m 



CM 

in 



VO 

oo 



o 



in 



CM 



m 
o 



00 



m 

00 



CM 



VO 



oo 
-J" 



CO 
CM 



m 

ov i 



ov 
CM 



CM 



Ok 



OO 



o 
m 



45 



50 



55 



25 



EP0 854 002 A1 



i-i C 



•o o 
C 6 

CO •< 



V) 
CO 

q; 

f-l o ^ 
O J3 



45 



50 



55 



26 



EPO 854 002 A1 



10 



IS 



20 



25 



30 



35 



40 



I 

in 



4J d (d 

CO u 2 
(b CO 



0) 

c cx 

*H to 

TJ O 

C E 

O *J 

OQ < 



CO 

a> 

O X 
(1:4 E-» 



2 



o 

O X 

o 



o 
o 



o 



CM 
U9 



00 
O 



00 

m 



00 



CM 
00 



45 



50 



55 



27 



EP0 854 002 A1 



10 



IS 



20 



25 



30 



35 



40 



in 
I 

in 



CO 



o) x: 

4J C <d 

U 4J — ' 

Em CO 



a> 

CtO XI 

H CA 
TJ O 

C 6 

O 4J 



—I o ^ 



o ^ 



o 

o o 
o 



o 

Cu 

a 

o 
o 



00 
ON 



o 
o 



oo 



CO 



00 

oo 



OS 
CO 



< 



u 

< 



< 



in 



CO 



VO 
CO 



oo 
VO 



CO 



VO 
CM 



00 



CsJ 

o 



CM 



00 



CM 

-it 



CM 



CM 
OO 



CM 
00 



O 



CO 
VO 



O 
CM 



00 
CM 



CNI 

o 

CM 
CO 



eg 

00 



o 

CM 

cn 
00 

CO 

m 



CM 

o 



oo 
o 



CM 



OO 
CM 



CM 



O 

m 



CM 
VO 



45 



50 



55 



28 



EP0 854 002 A1 



10 



IS 



20 



25 



30 



35 



40 



I 

to 
a> 

r-i 

Id 

en 



u u 

4J c « 
0 0)01 



u 
v 

00 J3 

H » 
O 

C 6 
O 4J 



u 3 



O X 



o 
p. 

E 
o 
o 



o 
o 



o 



00 

o 



o 



m 
o 



o 

00 



o 
o 



00 



o 

m CO 



u 
< 



1^ 

< 



U 



< 



u 



u 

< 



CM 



CO 
CO 



CM 

as 



CO 



o 



oo 



oo 



CM 



CO 



CM 

CM 
VO 

CM 



00 



o 
o 



CO 

m 



CO 



oo 
o 



CO 



O 



CM 



OO 
O 



CO 
C7\ 



00 
VO 



VO 
O 



CO 

in 



CM 



to 

VO 



o 



45 



50 



29 



EP0 854 002 A1 



10 



IS 



20 



25 



30 



I 

to 



JQ 
(0 



40 



u *J 

4J C m 

b4 CO 



0) 
cn 

T> O 

O *J 
CO < 



en 



o x: 



o 

o o 
o 



o 

CL 

o 
o 



u 
o 



CM 
CNl 



00 
CO 



O 



o 



CO 
CO 



CD 



< 



< 



O 
00 



CM 
VO 



o 



00 
CO 



VO 

o 



CM 
00 



VO 



o 

VO 



o 



VO 

CO 



to 

CM 



CM 

*o 



lO 



o 

vO 



VO 



o 



00 
VO 



CM 
VO 



OV 
CO 

CM 



CO 



o 

CM 



O 
VO 



VO 
VO 



OO 
OO 



VO 
OO 



O 



VO 



OO 



CM 
CO 



OO 
CO 



CM 
CM 



OO 



CM 
CO 



45 



so 



55 



30 



EPO 854 002 A1 



10 



15 



20 



25 



30 



35 



40 



45 



CO 

I 

tn 
Q> 

10 



U 4-1 

*J C *d 

<tt u X 

fu to 



rg 
OS 

<r 
to 



00 



in 



VO 



in 
o 



CM 

vo 



CO 

vo 



CO 

m 



ov 
*n 

o> 

«n 



00 

ov 



vo 



o 

00 



U 
Q> 

oo j:: 
C ex. 

CO 

XI o 
C H 

O 4J 

CQ < 



U 
1-1 
< 



< 



U 



< 



u 

< 



< 



u 



< 



< 



u 
-f-l 

< 



5 I 

O 



vo 



00 
CM 



00 
vO 



CM 
00 



o 



o 



O 
Cm 



O 



O 
B 

o 
o 



U 

o 



2 



O 

o 



VO 
00 



VO 

CO 



CM 



CO 



VO 
«M 



in 
in 



»n 



00 
CO 



o 



VO 
ov 



00 



vn 

00 



CM 



o 

Ov 



00 
GO 



o 

VO 



CO 

00 



Ov 

oo 



o 



vO 

m 



vO 



03 



o 

Cv 



OV 
O 

00 

VO 

00 
r-i 

o 
f-l 

VO 



m 

00 



oo 
oo 



lO 

en 



CM 

o 



m 

o 



OS 



00 

o 



ov 
r-t 

O 



VO 
VO 



O 
VO 



OO 



CM 
00 



vn 

CO 



tn 

VO 



m 
o 



CM 
CM 



CO 
crv 



VO 
CD 



o 

CM 



00 
O 



m 
oo 



m 
vn 

CM 



CO 



o 



GO 
CO 



00 



VO 
C7V 



O 
GO 



OO 



Ov 
<7v 



50 



55 



31 



EP0 854 002A1 



Fracture 
Strength 
(MPa) 


0.12 1 


253.16 j 


0.22 


328.13 1 


O 

o 


323.50 


176.66 


289.02 I 


302.65 


132.07 1 


r-l 

m 
m 


132.82 


198.86 


Bonding 
Atmosphere 


Air 


Air 


Air 


Air 


Air 


Air 


Air 


Air 


Air 


Air 


Air 


Air 


Air 


Foil 

Thickness 


-a- 


30.27 


64.69 


72.30 


<n 
cn 

CM 

in 


59.03 


59.38 


\o 

«H 
00 

-a- 


7.73 


93.12 


63.58 


CO 
00 


150.32 




Ti 
























14.37 




Cd 
























12.66 






Foil 






















CO 








Alloy 


Co 


















19.95 






«-t 
CO 




ion of 


z 
















18.16 










in 
o- 


mposit 


Cr 














25.38 






13.15 








cal Co 


> 


15.60 


0.15 


11.11 


10.15 


0.02 


CO 


12.51 


17.09 


10.27 


9.13 


6.83 


8.63 


CO 

CM 


emi 




CO 


o 
a\ 


O 


r-l 


O 


ON 

in 


o 


cn 
oo 


lO 

rs. 


o 
m 


cn 


O 


CO 
CO 


Ch 


to 


O 


o 

rH 


O 


cn 

CM 








so 


00 
r-i 


a\ 

•H 






CM 






0.25 


25.41 


15.62 


12.16 


3,20 


11.25 


5.85 




12.07 


17,62 


m 
oo 

oo 


6.57 


16.79 


o 

2 


o 
o 

CM 


o 

CM 


CM 
O 
CM 


cn 
o 

CM 


o 

CM 


^n 
o 

CM 


\o 
o 

CM 


O 
CM 


oo 
o 
eg 


o% 
o 

CM 


o 
•-I 

CM 


CM 


CM 
CM 



Table? 



Chemical composition (in at%) of 30 ^m thick insert metal 
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Table 7 (continued) 



Chemical composition (in at%) of 30 \im thick insert metal 
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P 


Si 


V 


Fe 


P-type insert metal 
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Base 



The chemical oonnposition of base material conforms to STK400. 



Tabled 



Bonding temperature and Butting stress 




Temp. CO 


Stress (MPa) 


B-type insert metal 


1150 


2.0 


P-type insert metal 


950 


2.0 



According to the second invention, liquid phase diffusion bonding of various kinds of Fe-based materials (steel 
20 plates, steel pipes, steel strips, steel bars, etc.) can be performed in oxidizing atmospheres in a reduced time to provide 
a bonded joint having a high fracture strength, and thereby, the advarrtageous feature of liquid phase diffusion bonding 
can be utilized for bonding of Fe-base materials, and the tx>nding time can be reduced in comparison with that required 
in the other bonding methods to significantly reduce the t>orKling work time. 



25 Example 3 

Alloys for liquid phase diffusion bonding according to the third invention were used to carry out liquid phase diffu- 
sion txsnding of an Fe-based material. The conditions of use arxJ the obtained results will be described together with 
those of comparative sarrples with reference to the following Tables and the attached drawings. 
30 About 100g of alloys having a chemical composition of any one of the first to fourth aspects of the first invention 
were quenched by a single roll method (a 300 mm dia. copper cooling roll) to form 2 to 215 mm wide. 3.0 to 100 ^m 
thick alloy foils having a substantially amorphous crystallographic structure. 
The peripheral speed of the cooling roll was kept at 5.0 to 1 5.0 m/s. 

As shown in Table 9 (Tables 9-1 to 9-8), all of the alloy foils of the present invention had Fe-based chemical com- 
35 positions (atomic percentage), in which the difference between 100% and the total amounts of the listed components 
means the sum of the announts of Fe and unavoidable impurities. 

Table 10 shows the chemical compositions of comparative alloys (atomic percentage), which are also Fe-based 
and the difference between 100% and the total amounts of the listed components means the sum of the amounts of Fe 
and unavokjable impurities. The comparative alloy foils of Tak)le 10 were produced in quite the same manner as the 
40 present inventive alloy foils of Table 9. 

Liquid phase diffusion tx>nding was carried out by using the alloy foils No. 1 to 199 of Table 9 (hereinafter referred 
to as "inventive insert metaH satisfying any one of the first to fifth aspects of the first invention arx^ the comparative alloy 
foils No. 200 to 212 of Table 2 (hereinafter referred to as "comparative insert metal" including the conventional ir^ert 
metals). 

45 The inventive insert metals were 3 to 1 00 kuti thick and 20 mm in diameter, the comparative insert metals were 7.67 
to 234.10 pm ihkk and 20 mm in diameter, the base material was an Fe-based material (JIS STK400). and the insert 
metals were inserted between two rourxl steel bars (20 mm in dia.) of the base material as shown in Fig. 1 . 

Figure 1 shews round steel bars 1 . 1 of the material to be bonded and an insert metal 2 or an alloy for liquid phase 
diffusion botximg. 

so The liquid phase diffusion bonding was carried out in air witii a bonding temperature of from immediately above tiie 
melting point of the alloy foil to the melting point plus SO^'C in a large scale heating furnace witii a target temperature of 
effectively 900 to 1300^0. 

The base material 1 and the insert metal 2 were pressed together at a pressure of 2 megapascal (MPa) to ensure 
a good contact therebetween. 

55 The bonding time was 10 min in all cases, the following heat treatments were conducted solely or combinedly to 
ensure tiie strength, corrosion resistance, and toughness of ttie borvled material, the heat treatments including tender- 
ing, tempering plus annealing, annealing plus tempering, quench-hardening plus annealing plus tempering. 

During any of these heat tre a tmen t s, nurtual diffusion of elements between the materials to be bonded proceeded 
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to homogenize the bonded joint but no substantial formation, increase, or growth of precipitates was observed in the 
inventive insert metal. 

Then, a J IS No. 2 subsize round bar tensile test was conducted to determine the soundness of the bonded joint 
with the result that the non-bonded area percentage was 0% for all test pieces bonded with the present inventive insert 
s metals. 

In the nranner as shown in Fig. 2. J IS No. A2 test pieces having a shape shown in Fig. 3 were machined from a 
rourxJ steel bar in the direction of the bar axis and then were subjected to a tensile test at room temperature to deter- 
mine the bonded joint fracture strength. 

The tensile fracture strength of the bonded joint is determined by the base material, the thickness, the service envi- 
10 ronment, etc., and in this Example, a required minimum strength was provisionally set as 400 MPa from the practical 
limit and a bonded joint was judged to be sound when a fracture strength was more than that value. The experimental 
results are also stated in Tables 9 and 1 0. 

It can be seen from Table 9 that the bonded joints obtained by the liquid phase diffusion borxiing using the alloy foils 
according to the present invention all exhibited an extremely good borKled joint strength including a strength greater 
15 than the target level of 400 MPa. 

In contrast, the borxJed joints obtained by the liquid phase diffusion tx)nding using the comparative alloy foils not 
satisfying the present inventive scope all exhibited a bonded joint strength lower than the target level of 400 MPa. in 
which none was practically acceptat^le. Individual results will be described later. 

Figures 14 to 19 show the relationship between the specified component elements or the thickness of the alloy foil 
20 for liquid phase diffusion bonding or the bonding time according to the present invention and the tx)nded joint fracture 
strength (repressed in MPa) and Fig. 20 shows the toughness of the heat affected zone (base material). 

Figure 14 shows the influence of the V concentration of the insert metal on the tx)nded joint fracture strength. When 
the V concentration is less than 0.1% in terms of atomic percentage, the oxide film on the base material cannot com- 
pletely be rendered harmless and the tx3nded joint strength is low, whereas in the range of from 0.1 to 20.0% in terms 
25 of atomic percentage, the bonded joint fracture strength is comparable with, or greater than, that of the base material 
(the material to be bonded), which means that V effectively operates to render the oxide film harmless. However, when 
the V concentration is tvore than 20% in terms of atomic percentage, the insert metal has a higher melting point causing 
shortage of the bonding time and degradation of the kxinded joint fracture strength. 

Figure 15 likewise shows the relationship between the P content and the bonded joint fracture strength. The 
30 bonded joint fracture strength is reduced when the P content is either less than 1 .0% or more than 20.0%, arxJ the target 
value of the bonded joint fracture strength is achieved then the P content is from 1 .0 to 20.0%. 

Figure 16 shows the relatior^ip between the B content and the borxJed joint fracture strength. The bonded joint 
fracture strength is reduced either when the B content is less than 1 .0% wheret^ the insert metal has a high melting 
point, or when the B content is more than 20.0% whereby intermetallic compounds are fbrmed near the tx>nded inter- 
as face. B contents of from 1 .0 to 20.0% ensures a high fracture strength of the bonded joint. 

Figure 17 likewise shows the relationship between the Si content and the bonded joint fracture strength. The 
bonded joint fracture strength is reduce either when the Si content is less than 1 .0%, or when the Si content is more 
than 10.0%, whereas Si contents of from 1 .0 to 10.0% ensure a high fracture strength of the k>onded joint. 

Figure 18 shows the relatk)nship between the insert metal thickness and the bonded joint fracture strength, in 
40 which it can be obviously seen that foils having a thickness more than 200 ^m fail to provide good fracture strength of 
the bonded joint. 

Figure 19 shows the relatfonship between the bonded join fracture strength (MPa) arxJ the bonding time when P 
and B are combinedly used as diffusk^n elements. 

The bonding time is as short as required when B alone is used as a diffusion element and is significantly shorter 
45 than that required when P afone is used as a diffusion element. 

Figure 20 shows the bonded joint toughness obtained under the thermal Influence when P and B are combinedly 
used as diffusion elements. 

As the bonding temperature is lowered by the presence of P to 1050**C or lower, the thermal influence on the base 
material (the material to be bonded) can be minimized to inprove the toughness of the t>ase material with the result that 
50 the bonded joint fracture strength is also improved. 

The toughness herein referred to was determined by a impact test using a JIS No. 4 Charpy impact test piece 
machined from a bonded round steel bar sample as an estimate of coarsening of the crystal grains in the heat affected 
zone of the base nfiaterial (STK400), in which a threshotel toughness was determined as 50J. which is frequently used 
as an estimation reference for general structural materials. 
55 Table 1 0 shows the chemical compositions and the determined tensile fracture strength of the bonded joint for com- 
parative exanrY)les to be compared with those of the present inventive alloy foils. 

It can be seen from Table 10 that Conrparative Sample No. 200 contains P in an insuffk;ient amount whereby the 
melting point is higher than ISOO^'C to result in a significantly small fracture strength and that Comparative Sample No. 
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201 contains P in an excessive amount whereby coarse intermetallic compounds are formed near the bonded joint to 
reduce the bonded joint fracture strength. 

Comparative Sample No. 202 contains B in an insufficient amount whereby the melting poirrt is higher than 1300^*0 
to result in a significantly small fracture strength arxi Ck)mparative Sample No. 203 contains B in an excessive amount 
5 whereby coarse borides are formed in the base material near the bonded joint to reduce the bonded joint fracture 
strength. 

Comparative Sample No. 204 contains Si in an insufficient amount whereby the melting point is higher than ISOO'^C 
with the resist that the bonded joint fracture strength is significantly reduced, and Comparative Sample No. 205 con- 
tains Si in an excessive amount whereby coarse SiO-based oxides are formed in the insert metal during bonding to 

10 reduce the bonded point fracture strength. 

Comparative Sample No. 206 contains V in an insufficient amount whereby an oxide film formed on the base mate- 
rial surface was not completely rendered harmless and the bonded joint fracture strength is small, and Comparative 
Sample No. 207 contains V in an excessive amount whereby the melting point of the insert metal is extremely high and 
liquid phase diffusion bonding is not conpletely effected to cause reduction in the bonded joint fracture strength. 

75 Comparative Sample Na 208 contains a targe amount of Cr whereby the melting point is extremely high and liquid 
phase diffusion tx>nding is not completely effected to cause significant reduction in the bonded joint fracture strength, 
and Comparative Sample No. 209 contains a large amount of Ni whereby a Ni phase forms inclusions in an Fe phase 
to cause the microstructure to be inhomogeneous, the toughness to be lowered, and the bonded Joint fracture strength 
to be reduced. 

20 Comparative Sample No. 210 contains an excessive amount of Co whereby coarse intermetallic compounds are 
formed to reduce the toughness and the bonded joint fracture strength is reduced, and Comparative Sample No. 21 1 
contains an excessive amount of W whereby coarse intermetallic compounds are formed to reduce the toughness and 
the bonded joint fracture strength is thereby reduced, and Comparative Sample No. 212 contains an excessive amount 
of Nb whereby coarse Fe-Nb-t)ased intermetallic compourKis are precipitated to cause embrittlement and reduction in 

25 the bonded joint fracture strength. 

Comparative Sample No. 213 contains an excessive amount of Ti whereby coarse intermetallic compounds are 
formed in a large amount to cause reduction in the toughness and the bonded joint fracture strength, and Comparative 
Sample No. 214 has too large a foil thickness to cause reduction in the bonded joint fracture strength. 

As described above, the target fracture strength of the tx>nded joint of 400 MPa cannot be achieved by liquid phase 

30 diffusion bonding using the comparative insert metals, which partially satisfy, but do not completely satisfy, the specified 
requirement of the present invention. 
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According to the third invention. P and B are combinedly used as diffusion elements and liquid phase diffusion 
55 bonding of various kinds of Fe-based materials (steel plates, steel pipes, steel strips, steel bars, etc.) can be performed 
in oxidizing atmospheres to reduce thermal influence on the base material (the material to be bonded) even when using 
elevated bonding temperatures and can provide a bonded joint having a high fracture strength, and thereby, the advan- 
tageous feature of liquid phase diffusion bonding can be utilized for bonding of Fe-I^ase materials, and the bonding time 
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can be reduced in comparison with that required in the other bonding methods to significantly reduce the bonding work 
time. 

INDUSTRIAL APPLICABILITY 

5 

The present invention combinedly uses P and B as diffusion elements and enables liquid phase diffusion bonding 
of various kinds of Fe-based materials (steel plates, steel pipes, steel strips, steel bars, etc.) to be performed in oxidiz- 
ing atmospheres to reduce thermal influence on the base material (the material to be bonded) even when using ele- 
vated bonding temperatures and enables production of a bonded joint having a high fracture strength in a reduced time* 
10 so that the advantageous feature of liquid phase diffusion fcx)nding can be utilized for bonding of Fe-base materials, and 
the bonding time can be reduced in comparison with that required in the other tx>nding methods to significantly reduce 
the bonding work time. 

Claims 

IS 

1 . An Fe-based alloy foil for liquid phase diffusion bonding of Fe-based nnaAerials and for enabling bonding in oxidizing 
atmospheres, characterized by having: 

a chemical composition including, in atomic percentage, 1.0 to 20.0% P. 1.0 to 20.0% Si and 0.1 to 20.0% V 
20 and the balance composed of substantially Fe and unavoidable impurities; arKi 

a foil thickness of 3.0 to 100 ^m. 

2. An Fe-based alloy foil for liquid phase diffusion bonding of Fe-based materials and for enabling bonding in oxidizing 
atmospheres, characterized by having: 

25 

a chemical composition irKluding, in atomic percentage. 1.0 to 20.0% P. 1.0 to 20.0% Si and 0.1 to 20.0% V. 
and also, one or nx>re of 0.1 to 20.0% Cr. 0.1 to 15.0% Ni and 0.1 to 15.0% Co, the balance composed of Fe 
and unavoidable impurities; and 
a foil thkdtfiess of 3.0 to 100 ^m. 

30 

3. An Fe-t^sed alloy foil for liquid phase diffusion bonding of Fe-based materials and for enabling bonding in oxidizing 
atmospheres, characterized by having: 

a chemical composition Including, in atomic percentage, 1 .0 to 20.0% P, 1 .0 to 20.0% Si and 0.1 to 20.0% V. 
35 and also, one or more of 0. 1 to 10.0% W. 0.1 to 10.0% Mb and 0.1 to 10.0% Ti. the balance composed of Fe 

and unavoidable impurities; and 
a foil thickness of 3.0 to 1 00 fim. 

4. An Fe-based alloy foil for liquid phase diffusion tx>nding of Fe-based materials and for enabling tx>nding in oxidizing 
40 atmospheres, characterized by having: 

a chemical composition including, in atomic percentage, 1.0 to 20.0% P, 1 .0 to 20.0% Si and 0.1 to 20.0% V. 
arxJ also, one or more of 0.1 to 20.0% Cr, 0.1 to 15.0% Ni and 0.1 to 15.0% Co, arxJ further, one or more of 0.1 
to 10.0% W. 0.1 to 10.0% fslb and 0.1 to 10.0% Ti. the k>alance composed of Fe and unavoidable impurities; and 
45 a foil thickness of 3.0 to 100 ytm. 

5. An Fe-based alloy foil for liquid phase diffusion borxiing of Fe-based materials and for enabling bonding in oxkiizing 
atmospheres according to any one of claims 1 to 4. characterized by having a substantially anfK)rphous structure. 

50 6. An Fe-based alloy foil for liquid phase diffusion bonding of Fe-based materials and for enabling bonding in oxkiizing 
atmospheres, characterized by having: 

a chemical composition including, in atomic percentage. 1.0 to 20.0% B, 1 .0 to 20.0% Si and 0.1 to 20.0% V 
and the balance composed of sitetantially Fe and unavoidable impurities; and 
55 a foil fliickness of 3.0 to 100 fim. 

7. An Fe-based alloy foil for liquid phase diffusion bonding of Fe-t>ased materials and for enabling bonding in oxkiizing 
atmospheres, characterized by having: 
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a chemical composition including, in atomic percentage, 1.0 to 20.0% B, 1.0 to 20.0% Si and 0.1 to 20.0% V, 
and also, one or more of 0.1 to 20.0% Cr, 0.1 to 15.0% Nt and 0.1 to 15.0% Co, the balance composed of Fe 
and unavoidable impurities; and 
a foil thickness of 3.0 to 100 \im. 

s 

8. An Fe-based alloy foil for liquid phase diffusion bonding of Fe-based materials and for enabling bonding in oxidizing 
atmospheres, characterized tsy having: 

a chemical composition Including, in atomic percentage, 1 .0 to 20.0% B, 1.0 to 20.0% SI and 0.1 to 20.0% V, 
10 and also, one cr more of 0.1 to 10.0% W, 0.1 to 10.0% Nb and 0.1 to 10.0% Ti, the balance composed of Fe 

and unavoidable impurities; arxJ 
a foil thickness of 3.0 to 100 intn. 

9. An Fe-based alloy foil for liquid phase diffusion bonding of Fe-based materials and for enabling bonding in oxkiizing 
IS atmospheres, characterized by having: 

a chemical composition including, in atomic percentage. 1.0 to 20.0% B, 1.0 to 20.0% Si and 0.1 to 20.0% V, 
and also, one or more of 0.1 to 20.0% Cr, 0.1 to 15.0% Ni and 0.1 to 15.0% Co, and further, one or more of 0.1 
to 10.0% Vy, 0.1 to 10.0% Nb and 0.1 to 10.0% Ti, the ksalance composed of Fe and unavoidable impurities; and 
20 a foil thickness of 3.0 to 1 00 ^m. 

10. An Fe-based alloy foil for liquid phase diffusion tx>nding of Fe-based materials arxi for enabling borxling in oxidizing 
atmospheres according to any one of claims 6 to 9. characterized by having a substantially amorphous structure. 

25 1 1 . An Fe-based alloy foil for liquid phase diffusion bonding of Fe-based materials and for enabling t)onding in oxidizing 
atmospheres, characterized by having: 

a chemical composition including, in atomic percentage, 1.0 to 20.0% P, 1.0 to 10.0% Si, 0.1 to 20.0% V and 
1 .0 to 20.0% B and the balance composed of sut>stantially Fe and unavoidable impurities; and 
30 a foil thickness of 3.0 to 100 ^m. 

12. An Fe-based alloy foil for liquki phase diffusion kx>nding of Fe-based materials and for enabling bonding in oxkjizing 
atmospheres, characterized by having: 

35 a chemical composition including, in atomic percentage, 1 .0 to 20.0% P, 1 .0 to 10.0% Si, 0.1 to 20.0% V and 

1 .0 to 20.0% B. and also, one or more of 0.1 to 20.0% Cr, 0.1 to 15.0% Ni and 0.1 to 15.0% Co. the balance 
composed of Fe and unavoklable impurities; and 
a foil thickness of 3.0 to 1 00 ^m. 

40 13. An Fe43ased alloy foil for liqukJ phase diffusion bonding of Fe-based materials and for enabling bonding in oxkiizing 
atmospheres, characterized by having: 

a chemical composition including, in atomk; percentage, 1 .0 to 20.0% P. 1 .0 to 10.0% Si. 0.1 to 20.0% V and 
1.0 to 20.0% B. and also, one or more of 0.1 to 10.0% W. 0.1 to 10.0% Nb and 0.1 to 10.0% Ti. the balance 
45 composed of Fe and unavoidable impurities: and 

a foil thickness of 3.0 to 100 pm. 

14. An Fe-t)ased alloy foil for liquid phase diffusion kx^nding of Fe-based materials and for enabling bonding in oxkiizing 
atmospheres, characterized by having: 

50 

a chemical composition including, in atomic percentage, 1 .0 to 20.0%P . 1 .0 to 10.0% Si, 0.1 to 20.0% V arKi 
1.0 to 20.0% 6, and also, one or more of 0.1 to 20.0% Cr, 0.1 to 15.0% Ni and 0.1 to 15.0% Co, and further, 
one or more of 0.1 to 10.0% W. 0.1 to 10.0% Nb and 0.1 to 10.0% Ti. the balance composed of Fe and una- 
voidat)le impurities; and 
55 a foil thickness of 3.0 to 1 00 ^m. 

1 5. An Fe-based alloy foil for Iquki phase diffusion bonding of Fe-based materials and for enabling bonding in oxkiizing 
atmospheres according to any one of datms 1 1 to 14, characterized by having a sut)stantially amorphous structure. 
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